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2-Chloro-4-fluorotoluene was investigated using a combination of molecular jet Fourier transform microwave
spectroscopy in the frequency range from 5 to 21 GHz and quantum chemistry. The molecule experiences an internal
rotation of the methyl group, which causes a fine splitting of all rotational transitions into doublets with separation on
the order of a few tens of kHz. In addition, hyperfine effects originating from the chlorine nuclear quadrupole moment
coupling its spin to the end-over-end rotation of the molecule are observed. The torsional barrier was derived using both
the rhoa and the combined-axis-method,b giving a value of 462.5(41) cm−1. Accurate rotational constants and quadrupole
coupling constants were determined for two 35Cl and 37Cl isotopologues and compared with Bailey’s semi-experimental
quantum chemical predictions.c The gas phase molecular structure was deduced from the experimental rotational constants
supplemented with those calculated by quantum chemistry at various levels of theory. The values of the methyl torsional
barrier and chlorine nuclear quadrupole coupling constants were compared with the theoretical predictions and with those
of other chlorotoluene derivatives.
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